We present three examples how complex spatio-temporal patterns can be linked to hyperchaotic attractors in dynamical systems consisting of nonlinear biochemical oscillators coupled linearly with diffusion terms. The systems involved are: (a) a two-variable oscillator with two consecutive autocatalytic reactions derived from the Lotka-Volterrh scheme; (b) a minimal two-variable oscillator with one first-order autocatalytic reaction; (c) a three-variable oscillator with first-order feedback lacking autocatalysis. The dynamics of a finite number of coupled biochemical oscillators may account for complex patterns in compartmentalized living systems like cells or tissue, and may be tested experimentally in coupled microreactors.
INTRODUCTION
Complex biochemical spatio-temporal self-organization with high-dimensional chaotic attractors cannot only occur in continuous reaction-diffusion systems with infinitely many degrees of freedom in phase space. The discovery that linear diffusive coupling of only two oscillatory reaction schemes can produce chaos [1] nurtures the idea that finitely many coupled oscillators can be employed to generate spatio-temporal patterns with underlying attractors of arbitrarily high (finite) dimension in phase space [2] . Here [6] . Thus, the extensions to tic attractor. The stretching and folding of the chaos with even more than two directions of flow is realized with the switching nonlinearity mean divergence work naturally as in [5] .
in the equation for Z [3] . For b 0, be 1 
TURING PATTERN AND HYPERCHAOS TRAPPED BETWEEN TWO LIMIT CYCLES
The simplest biochemical oscillator with two variables contains only one first-order autocatalysis: with i= 2, 3,..., (N-1).
The gradient in the input to variable X was chosen such that the first cell of the decoupled system oscillates in a small-amplitude sinusoidal fashion and the last oscillator possesses a largeamplitude relaxational limit cycle with lower frequency (parameters are given in the caption of Fig. 3 For weaker coupling the Turing structure breaks up and makes way for a ribbon of chaotic behavior caught between the two oscillatory hems (Fig. 3(b) ). Again the situation is such that if an attractor reconstruction would be tried from a single time series the astonished researcher could find three qualitatively different results (sinusoidal periodic, chaotic, relaxational periodic) depending on which time series she or he would use, even though the system has settled to a single well-defined attractor. Figure 4 shows two phase space projections of the trajectory. Variables X1 and X98 (left side) flu a rectangular plane as if they were two independent periodic oscillators, whereas variables X51 and X53 (right side) form a familiar chaotic attractor as in the case of hyperchaos in diffusively coupled cells under Turing conditions [9] . Due to the close relationship with the hyperchaos in [8] we suspect that the chaotic region of Fig. 3(b 4 Phase space projection of two variables for the attractor in Fig. 3(b) . Left In order to visualize the spatio-temporal pattern associated with a hyperchaotic attractor in more detail we keep the length of the system in Fig. 5(a) constant but cover the area with a grid of 100 100 oscillators with properly adjusted diffusion coefficient Dz. Figure 5( hyperchaotic dynamics were described for two different autocatalytic models, one an activatorinhibitor system, the other a substrate-depletion system [8] . The trick is to find a set of kinetic parameters which lead to at least two positive LCEs under diffusive coupling of a small number of cells (Eq. (3)). These parameters can then be used for the higher-dimensional cases with the coupling strength (diffusion coefficients) as bifurcation parameter.
A new direction of investigation will now be to study the dynamics of nonidentical coupled cells. The obvious motivation for this is that biological or biochemical systems in general comprise a variety of cells with a distribution of kinetic parameters or coupling constants. A first step in that direction was the study of a one-dimensional chain of oscillators with a gradient of one parameter. In addition to the fact that hyperchaos can survive nonidentical parameters in coupled cells the possibility arises to combine different dynamic substructures in one composite pattern. In one case a nonhomogeneous fixed point (Turing) structure separated two oscillatory events of differing amplitude and frequency ("dynamic wall"), and in COUPLED BIOCHEMICAL OSCILLATORS 167 another case an aperiodic spatio-temporal pattern could be confined to a subset of the system by periodic neighbors (Figs. 2 and 3 
Mathematical Problems in Engineering

Special Issue on Time-Dependent Billiards
Call for Papers
This subject has been extensively studied in the past years for one-, two-, and three-dimensional space. Additionally, such dynamical systems can exhibit a very important and still unexplained phenomenon, called as the Fermi acceleration phenomenon. Basically, the phenomenon of Fermi acceleration (FA) is a process in which a classical particle can acquire unbounded energy from collisions with a heavy moving wall. This phenomenon was originally proposed by Enrico Fermi in 1949 as a possible explanation of the origin of the large energies of the cosmic particles. His original model was then modified and considered under different approaches and using many versions. Moreover, applications of FA have been of a large broad interest in many different fields of science including plasma physics, astrophysics, atomic physics, optics, and time-dependent billiard problems and they are useful for controlling chaos in Engineering and dynamical systems exhibiting chaos (both conservative and dissipative chaos).
We intend to publish in this special issue papers reporting research on time-dependent billiards. The topic includes both conservative and dissipative dynamics. Papers discussing dynamical properties, statistical and mathematical results, stability investigation of the phase space structure, the phenomenon of Fermi acceleration, conditions for having suppression of Fermi acceleration, and computational and numerical methods for exploring these structures and applications are welcome.
To be acceptable for publication in the special issue of Mathematical Problems in Engineering, papers must make significant, original, and correct contributions to one or more of the topics above mentioned. Mathematical papers regarding the topics above are also welcome.
Authors should follow the Mathematical Problems in Engineering manuscript format described at http://www .hindawi.com/journals/mpe/. Prospective authors should submit an electronic copy of their complete manuscript through the journal Manuscript Tracking System at http:// mts.hindawi.com/ according to the following timetable:
Manuscript Due December 1, 2008
First Round of Reviews March 1, 2009 
